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@ Consolldatable particulate material and we! treatment method. 



(g) A subterranean zone located in a weU is 
treated by Injecting a treating composition into 
the welt to place the treating composition in the 
sutytsrranean zone, the treating oompoaiOon 
oomprtotng a gelled canrier; a partlcuiate ma- 
terial ; an epoxy resin system indudfrig at least 
one epoxy resin ; and a fInelysJIvided hardening 
agent which, when dissolved, is operable for 
hardening the epoxy resin, the finaly-divided 
hardening agent being dispeised In the epoxy 
resin system. The fine^y-divkied hardening 
agent is maintained imder oondtions such that, 
pdor to injecting the composition into the wel, 
the finely-divided hardening agent doee not 
substantiafly disaolva 



01 



J 



EP0643196 A3 



EUBOPEAN SEARCH REFOIT 



EP 94 30 4090 



A 
A 
A 

A.D 



DOCUMENTS CONSmEEED TO BE RELEVANT 



U$-A-4 972 906 (S. J. MC QANia) 
SEE COLUm 8» LINES 49-56 

EP-A-0 493 786 (TOHO RAYON CO., LTD.) 

US-A-4 483 888 (YULIN Ml) 

EP-A-0 313 243 (HALLIBURTON CO.) 

US-A-5 128 390 (J. rThURPHEY ET AL.) 



E21B43/02 
E21B43/2S 



E21B 
C08fi 



f 

i 

i 



THE HAfiUE 



21 Septwbtr 1995 OivISM, F 



C4neoBy or am DooMMm 




L:4 
Sn 



w 
m 

CO 
H 

I 



r- 

m 

o 

o 

u 



2 



EurepilschM PatonlMrt 
Euioptm Patent OfllM 
OlfiM MPopten dM bravats 




I 



^PubOeaiion number :0 643 196 A2 



EUROPEAN PATENT APPUCATION 



@ Application number : 94304090.7 



@ Int a*: E21B 43/02, E21B 43/25 



Oato of fling: 07.06u94 



@ PiMtf : 09.09.93 US 118702 



® Date or publication of appHcalfon : 
15il3.9S Bulletin 9SM1 



@ Designated Contracting States : 
DE DK FR 6B IT NL 



@ Applicant: HAUJBUI«TON COMPANY 
P.a Box 1431 

Duncan Oklahoma 73330 (US) 



@ inventor : DewprMhad, Brahmadeo 
1115 Unda Lane 

NeMfceeOe^ OldalMma 73008 (US) 
Inventor: Weaver, Jbnmle 0. 
Rente 4> 
Box 231B1 

Duncan. Oklahoma 73533 (US) 



(g) Representative : Wein, Chrletopher Paul et el 
AX THORNTON ft Ca 
Nortiiumbeitand Houee 
30»408 High Hoibom 
London WC1V 7Le (GB) 



(g) CeneolidataMe paitieulate material and weS treatment method. 



@ A suMairanean zone located bi a weN Is treated by bijecthg a treating composition Into the weU to 
plaoe the treating eompoaition in the eubtenwiom zone, the treating oompoaUon oomprtobig a gelled 
center; a partkatete matsrial; 'an epoxy reain ayatem Inckiding at ieest one epoxy reefci; and a 
fineiyHUvided hardening agent which, when diseohMd. ie operable for haidaning the epoxy resin, the 
fineiyHlivided hardening agent being dispersed in the epoxy resin system. The flnely^ivkled hanlening 
agent ie maintained under oondittona such that, pilor to injacttng Ihe oomposlHon into the well, the 
finely-divided hardening agent doee not aubetantially dieeohw. 
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Th0 present htvenUon relatM to a method of treating a subterranean fionmation using a GonsoHdatable 
epoxy fesbi-coated particulate matarial. 

Consoldatable epoxy resin-coated particulate materials have been used heretofore in various well treat- 
ment operations. Consolidatabis epoxy resin-coated sands have been used, for example, for gravel paddng, 

5 for the development of controled perrneability synthetic formations within subterranean zones, and as prop- 
psnt materiala In formation fracturing operations. Due to their desirable permeability and compresses strength 
characteristica. consolidatable epoxy reein-coated particulate materiala are especjally well-suited fbr tresting 
semiconsoiidated and unoonsolidaled formations which contain loose or unsfcatils sands. 

As used herein, the temi "consolidatable epoxy resln-coated particulate material' refers to e particulate 

fo material which ia coated wHh an unoured oronly partialy cured epoxy resin oompositioa TVpicaVy, the corn 
solidatable epoxy resln-coated partlouiato material wM be injected into a subterranean zone using proceduree 
whereby the epoxy resbi does not substantiaily hardsn unti after the particulato material has been delivered 
to a desired location within the formation. The consdidatabie epoxy resin-coaled partlouiato material wil typ- 
icaly harden within the formation to form a hard, consolidated, penneable mesa. 

15 Wei treatment methods utilizing consolidatable epoxy reein-coated particulato matorials are disclosed, 
for example, in U.S. Patont No. 5,128,3g0. The entire disclosure of U.S. Patent No. S,128,3go Is incorporated 
hsrein by reference. 

U.S. Patent Na 5,128,380 disdosee a method fbr continuously fbrming and transporting consdidatoUe 
resincoatsd particulate materials. In the method of U.S. Patent No. 5,1 28,390, a stream of gelled aqueous car- 
20 risr liquid is continuously mixsd with a particulato material (e.g., aand), a hardenabto epoxy resin composition, 
and s surfoce acth/e agenL The resulting continuous composition to delivered to andfor injected Into a desired 
subterranean zone. As the continuous mbcture ftows down the well tubing toward the subterranean zone, the 
composition ingrediente are thoroughly mbced such that the gef-suspended particuiate material Is coated with 
the hardenaUe epoxy resin composition. After being placed in the subterranean zone, the epoxy resin com- 
as position is allowed to harden whereby the resln-coated particulato material forms a hard, permeable, consoli- 
dated mass. 

The hardenable epoxy rssln oomposftion ussd in the method of U.S. Patent Na 5,128,390 Is gensrsHy com- 
posed oft s polyepQxide resin carried In a solvent system; a hardening agent; a coupling agent; and a haidening 
rate controlier. The hardening agent used in the method of U.S. Patent No. 5,128,390 Is either (a) an amine, 

30 a polyamlne, an amide, and/or a polyamide dissolved In a suiabto solvent or (b) a liquid eutectie mixture of 
amines dilutisd with methyl aloohd. 

Unfortunately, wdl treatment methode of the type disdosed Ira U.S. Patent No. 5,128,390 era not wdl- 
sulted for use in high temperature subterranean formatione. Conedidated epoxy/hardener compoeltions of tlie 
type used In the methods d U.S. Patent No. 5,128,390 typically cannot withstond tomperatores substantiaMy 

as sxoeeding atwut 200* F. However, such tsmperaturs oondfttons ars commonly enoountsrsd in subterranean 
formations. 

Thus, a need presently exists for a oonsdidatobis resincoatsd particulato materid and method which can 
be used for treating high tsmperaturs suUennanean zones and formatione (i-e., zones and formations having 
tsmpsraturss ex c ee d ing about 200* F). 

40 Diaminodlphenytoulfone (DDS) haa been used hsrstofors as a hardener in csrtain epoxy resin composi- 
tions. DOS generaiy provides high temperature resistance and high chemicd resistance propertiee. At ambient 
conditions, DDS is typicaly a sdid materid which will not substantlaly dissdve In most of the sdvento and/or 
diluents used In epoxy resin systems. Thus, when Mending DDS with an epoxy resin, the Mend componento 
must typicdiy be heated sufficiently to enade the DDS to be dissdved in the epoxy resin system. 

45 In view of the diff icdties sncountered vvhen blending DDS with epoi^ resbns, the use d DDS as an spoxy 
resin hardener in wdl treatinent operations has not heretofore been a viabto dternatlve. The heati^ 
ing operations required fbr dissolving 0D8 In epoxy resin systems typically cannot be economicdiy and con- 
veniently conducted at the weR sito. AddHionaly, it is gsneraHy not poedble to perfomn the Uending operation 
off-dto and then deliver the DDS/lspoxy resin btond to the wdl dto since: (a) the resulting DDS/epoxy resin 

50 composition win typicaly have a very short pot life; (b) the DDS/epoxy resin cornpos^ 

harden before it can be delvered to the wdl sle and uaed; and (c) even if the Uend does not htfden bsfcm 
uss, any sxoess materid produosd and dsBversd to the wdl sie is dmply wasted 

We have now devised a method dtrsating a siMarranean formation uaing an epoxy reeto-^^ 
ulato materid compoeition. 

55 According to the pressnt invention, there is provided a method of treating a subterranean zone ki a wel, 
which method comprtoes the steps oft 

(a) injscting a trsating composition into the wel to place the 'trtiposition in the said, 8ui)terranean zone; 
wherein the treadng composHon comprises a geled canrisr, a I jrtiedato n 

2 



EP06431MA2 



induding at least one epoxy resin, and a finely^flvided hardening agent wMch» when dissolved, is opefal)ie 
for hardening said epoxy resin, at least a portion of aaid finely-divided hardening agent t)eing dispersed 
In said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that prior to injecting the oonv 
position into the wen SI accordance with step (a), the finelyHilvided hanlenhg agent is not sutMtantialy 
dissoKed. 

One preferred f Inety civioec hardening agent for use In the invention is 4,4'-diaminodiphenylsulfbne. 

The present invention tnohn various protsHems encountered heretofore in the use of DOS and similar 
high temperature harden»ig agents. The components of the wel treating ompoeition can be conveniently and 
economically blended ai the wal site using standard mbdng tachniquee and devices. Since the f inely^lvided 
hardening agent used in the viventive composition does not substantialy dissolve until after the composition 
is pumpsd into the weli. there • very little chance that the epoxy resbi component of the composition will sig- 
nificantly harden before the composition is properly placed downhde. Once in place, the composition consol- 
idates to form a hard permeable mass having a significantly higher compressive strength and a substantialy 
higher fracture conductivity than does uncoated sand. Thus, the oompoeHion and method are well-suited for 
use in gravel packing operations, fracturing proceduree, and other such wed treating technlquee. 

If desired, the epoxy restfi and finely-divided haidening agent components of the inventive composition 
can be prembced to provide a one package epoxy system having a desirably long pot lifo. The inventive one 
package epoxy system will not substantiaOy harden until the temperature of the system is raised sufficiently 
to cause a significant amount of the finely-divided hardening agent to dissoh^e. When, for example, the finely- 
divided hardening agent used in the inventive one package system ie 4,4*-diamlnodlphenyisulfone, the one 
package system can typicdiy be stored for more than 25 days at temperaturee not substantially exceeding 
75«F. 

Further objects, features, and advantages of the present inventton will be readily apparent to those skilled 
in the art upon reading the following descriptfon of the preferred embodiments. 

DESCW WIOM OF THE PREFERRED EISBOPHIEMTS 



As indicated above, the inventive well treating composition comprises: an epoxy resin system; one or more 
f inely-divkled hardening agente whtoh, when dissolved, ie (are) operable for hardening the epoxy resin system; 
a gelled cantor and a partteulate material. The inventive well treating composition can optkMiaOy include one 
or more members selected from the group consisting ot a soh^ent or sohrent system for the epoxy reein eystem; 
a dlluentordiiuent systemfor the hardening agent; one or more coupling agents; one or nwre compounds which 
are operable for crosslinking the epoxy resin system; varioue eurfactante; hardening rate controOere; methanol; 
and one or more aliphatic aicohole. 

The epoxy resin system used in the inventive wel treating oompositton is composed of one or more epoxy 
resins which (a) will coat the particulate material when the partkndate material is suspended in the geSed carrier 
and (b) wis harden when placed downhole such that the epoxy resin-coated particulate 
sdidated to fomri a hard permeable niass. Examples of epoxy resins preferred for use In 
inckjde: the digtycUyl ethers of bisphenol-A; the diglycklyl ethers of bisphend-F; the glycidyl ethers of amino- 
phenols: the gfyddyf ethers of methylenedianlline; and epoxy novolaerssins. The epos^ resins used in the In- 
ventive wal trrating compositfon will preferably have epoxide equhralent weighU (EEW) in the range of from 
about go to about 300. The EEW of an epoxy resin is determined by dhrkling the molecular weight of the epoxy 
resin by the number of epoxMe groupe oontsined in each molecule of the epoxy resin. 

The epoxy resin system used in the bwenth^e wail treating compositk)n can also include a solvent or solvent 
system. When ueed the solvent or eohfent system wiB preferably be inchided in the epoxy resin system «i an 
amount sufficient to ensure that the visooeity cT the epoxy reain system does not sub^^ 
5000 oentlpoise at 75"* C. Examplee of soh^ente suitable for use in the epoxy resin system include polar organic 
diiuemewhkdi are rsadhre with epoxkto end polyepoxkte resins; polar 0^ 
nonrsactive wMh epoxy resins; and niixtures theteof. Examplee of s^ 

dudec butylglyckiylether; oesolglycMyiether; aOo^glycMylether; phenyH lycidylethei; and generally any other 
glycMyl ether which is misctUe with the epoxy rB«bi(s) used. Examples of substondaOy nomeactive pda* or- 
ganicdlbentssuitabto for use in the epoxy rssin system are disdosed in Patent 
nonreactive pdar organic effluents indude: ethyiacetate; butyl lactate; ethyl lactate; amyl achate; ^hylene gly^ 
cd diacetate; and propylene glycd diaoetate. 

When pMside, any advent ueed in the inventive weB treating composikm 
wMch the findy^dhfUed hardening agent wll not substantiaily d^ 

The epoxy rssin system is preeent in the inventh^ weO treattog compositfon in an effe 
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sdidating the partinjlate matarU to form a haid pannaaUa maaa. Typicaly, the amount of epoxy resin system 
used in the inventive compoaition wil be an amount providing In the range of from about 1 to about 20 pounds 
of epoxy reain per 1 00 pounda of particulate material. When, for example, the epoxy reain system consists ee- 
sentially of a mbcttm of KN,frX-tetraglycidyM.4'-methylenebiabenzamine and 1,4-butanediol diglycidyl 
ether, the amount of epoxy main ayatam uaed in the inventh/e compoaition wHI preferably be an amount pro- 
viding in the raiige of from about 2 to about 5 pounda of epoxy resin per 100 pounda of pard^^ 

The htfdening agent uaed in the invenUve ¥M treating compoaition can generaHy be any hardening agent 
which: (a) can be provided In flnely^divided fonn; (b) can be leadily diaperaed in the epoxy reain system; (c) 
can be maintained under oonditiona such that it wiU not substantialydiasoive 
and (d) wil operatA. when diaaoh^ to harden the epoxy resin syalam. The harden!^ 
material which wW provide a hardened epoxy rssin composition which (a) exhibite aubatantially higher com- 
piesshM strength and fracture conductivity properties than doee uncoafesd sand and (b) subatantialy retains 
these piopertiee at tempersturae of atleeetabout32S' F. Moat prefisrably, the hardening agent la an agent 
which wil yield a hardened epoxy reain composition which la wel-auited for uae at temperaturea in the range 
of from about 209' F to about 359' F. 

ExMiplee of finelyHflvided hardening agente prefenred for use in the present invention indude: 4,4'-dia- 
minodlphenylsulfbne, 3,7-diaminodiphenylsulfbne. metaphenylenediamine, 4,4'-(1,4-phenyiene(1-msthyl 
ethylidene)]bia(ben2enamine). and 4,441,4-phenylene(1-methytethyiidene)]bi8(2,6Kin)ethylbenzenamine). 
Dueto their relativo low eoiubUitlea ki meet epoxy reain ayatema, aromatic diaminee are particularly wel-auited 
for use In the present invention. 

The hardening agent moat preferre d for use In the inventive wal treating composition is 4^'-diaminodi- 
phenylaulfone (4^'-DDS). The solublltty of 4,4'-DDS In moat epoxy resin systems is typically vary low. Addi- 
tionally, hardened epoxy reain oompositiona provided through the uae of 4.4'-DDS are highly temperaturs-r^* 
sistant and chemlcahrealatant Furtiier, hardened epoxy raebi oompoaitiona farmed tiwough ttie uae of 4,4- 
DDS are particularly weN-suited for temperatures in the range of from about 200* to about 350* F. Moreover, 
In comparison to other hardening apenta uaed in the art, 4,4'-DOS prasenta an extremely low health riak. 

The amount of finelyKllvlded hardening agent ueed In the invemhre wal treating composition b an amount 
which, when diaaolved, is effective for hardening the epoxy reain aystam. If the hardening agent uaed in the 
inventive compoaition is finely-divided 4.4'-D08, said 4,4*-0D8 la preferably included in tiie inventive compo- 
eWon In an arnount in the range of from about 25 g to about 45 g per 100 g of epoxy raeln. 

The Indh/idual particles of the f inely-<fivided hardening egent will preferably have elzee in Hie range of from 
about 1 to about 100 microne. Such particulate materiala can be prepared, for example, by grinding the hard- 
ening agent in a mil. 

In Older to fedlHato component blending, tfie f inel^ivided hardening agent can be added to tiie vvall treat- 
ing conriposition in a alurry form. Examplee of diluent li(|ulda preferred for uae In forming the hardening agent 
slurry indude metiianol, etiwnol, iaopropyl alcohol, ethyl acetate, bUyl lactate, toluene, xylene, isoamyl alco- 
hd, isohexyl aioohol, and mbdurea ttiereof. When poaaMe, the diluent wll preferably be a liquid material in 
which the flnely-<fivided hardening agent %^ not substantidlydlssohre at ambient conditions. 

Although thegeied carrier liquid used In ti)e inventive weH treating com p o si tion can gensreOy be any galted 
carrier comnM)niy ueed in ttie art the gdled carrier liquid Is prafsrably a geled aqueoue cofl^ 
aqueoua oompoallon can generally be fcvmed uaing fraah water, brine, aeewatar or the Ilka 

Generally any gdiing agent commonly used in wal treating operetiona to fonm gelled aqueoua carrier liq- 
ulds can be uaed In the present invention. The gelbig agente p referred for use In the present invention are 
pdyaaccharidee having mdecular weighte in ttie range of firom about 1 00,000 to about 4^,000. Polysao- 
dtaridee having mdecular weighte in tiie range of from about 500^ to about Z400,000 are particularly wei- 
suited for uae In ttie preaent inventioa The polysaccharide geling agent wil preferably indude hydnu^ettiyl 
or oUier eubetituente which provide water hydretion and ottier charactaristica condudw 
dear aqueoua gd having a viscosity of at least about 30 centipoiae on a FannV.a metsrat300rpm.Exampiea 
of pdyaaccharide pdyniere preferred for uae in ttie inventive wel treathig compod 
booy and hydRxxy aiiqfl caBuioee (e.g., hydroxyettiyl ceBulose and caifooxymetiiyl hydraxyetiiyl cdldoae); guar 
gum; and guar gum derivattvea(e.g., hydtaxyprof^ guar). The gelling ag^ 
ia most prefsrabiy elttier hydroxypropyi guar or carboxyetiiyl hydroxypro^ 
pylene oxide substitution of from about ai to about a? nriolee of pro|^^ 
galactose contained in the guar. 

The amount of pdysaccharide geling agent used ip fonning the geOedlaqueoua carrier liquid wil preferably 
be an anfKxmt in ttie range of from about 20 to about 120 pounda of gdiing agent per 1^ 
The gdled aqueoua carrier liquid wil prdersUy have a viaooaty in ttie renge of fm 
about 400 centipoiae. Moat preferably, ttie gdledaqueoue carrier Bquidi^ 
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50 pounds of hydfoxypropyl guar getllng agent per 1000 gallons of water and has a viscosity In the range of 
from 15 to alMut 100 oentlpoias. 

The gelled aqueoi» carrier liquid can also induds ora or wore gel crosslinidng agents. Examples of gel 
aossllnUng agents preferred for use In ttte present invention include: titanium lactate; titanium triethanciamine; 
aluminum acetate; magnesium oxide; and zirconium saftsw 

Hie inventive well treating composition preli8rat)ly also includes one or mom gel breakers. The gel breakere 
prBfisrred for use in the inventive compositton are materials which are operable for breaking the aqueous carrier 
gal, and thereby reducing the visoostty of the equeous carrier nquU. at a time stibstantlaly oorrespondlng to 
ths placement of the inventive compositten in a desired subterranean zone. When the carrier UqukJ gel is brok- 
en, the carrier tiqukJ readily separates from the remainder Q.b^ the epoxy iBsln-coated particulate portkm) of 
the well treating compositkMi. As a result the epoxy restn-ooated particulate material is aikiwsd to consdMato 
and thereby form a hard permeable mass In the subterranean zone. 

When the gelling agent used In the inventive compositton Is a substltutsd cellulose-type gelling agent the 
gel breaker used will preferably be an enzyme-type gel breaker (0.9., callulase) or an oxMant such as sodium 
peraulfats. When the gelling agent used in the inventive compositton is a substituted guar gePing agent the 
gel breaker wil preferably be a hemicellulase or an oxklant such as sodium pemlfate. 

The perttoulate material used In the inventive composition can genaralty be any proppant or other water- 
insoluble particulate material of the type used in fracturing, gravel packing, and similar well treating operattons. 
Examples Induds: sand; glass beads; nut shels; metall to pellets; gravel; synthetic resin peltots; gilsonite; coke; 
sintered alumina; mullite; and comblnattone thereof. The particulate material used In ttie present invention le 
meet preferably sand. The particulate material will preferably have a partlde size distribution In the range of 
from atMNit 10 to about 70 meeh, U.S. sieve sertos. 

The amount of particulate material used In the inventive compositton Is preferably an amount in the range 
of from about 2 to about 20 pounds of particulate material per gallon of the gelled aqueous carrisr lk|uU. Most 
pmfsrably, the amount of particulale materiel used in the inventive compositton is an amount to the range of 
from about 3 to about 15 pounds of parttouiate material per galton of gelled carrier liquto. 

One or more coupling agents can optionally be used In the inventive composition to facilitate the coupling 
of the epoxy re8ln(e) with tiie particulate component of the inventive composition. Coupling agents preferred 
for use to the Inventive composftton are functional alienee. The coupling agent used to the inventive compo- 
sition to preferably a N-bete-(aniinoethyl)-gafnma-amtoopropyltrimethoxy8ltone. The amount of coupling agent 
used in the Inventive composition wil preferably be to an amount to the range of fromalKNit OtoatxHJt 2 parte 
by weight per 100 ports by weight of epoxy reeto used in the inventive composition. 

Ae will t>e understood by thoee skilled In the art hardening rate oontroltora (Le., retardera or acceleratore) 
can be ueed to extend or shorten the time necessary for curing the epoxy resin composition. Examplee of re- 
tardere suitable for use In the preeent invention include low molecular weight organto acM eetere (e.g., alkyi 
estere of tow molecutor weight alkyI adds containing from about 2 to about 3 carbon atoms). Exan^ee of ac- 
celeratore suitable for use to the inventive ocMnpositton todude: 2,4,e>trfs dimethylaminomethylphenol; the 
ethylhexanoate salt of 2,4,6-tris dlmethylanilncmethylpherx)l; and weak oiganto actos such aa f umarto ackl. 
eryttiorbto ackt ascorbto add, and maleto add. Ariy hardening rate controler used In tiie preeent invention will 
prsfarably be present to an amount In the range of from atMut 0 to about 10 parts by weight per 100 parts by 
weight of epoxy rasto used in the compositton. 

The inventive wel treating compositton can further todude one or more surfactants which enaUe the 
epoxy resin system to rapkiy coat the parttouiate material. Examples of such surfectants suitabte for use to 
the presertt invention and deslrabto concentrations thereof are diadosed to U.S. Patent Na 5,128390. 

In order to furttier facilitate the coating of tiie partioutote material, the inventive compoattton can srieo in- 
clude an aliphatic alcohol whtoh to onhf sllghtiy water-soluble. Examplee of prefened diphatic atoohoto todude 
isoamyi alcohd and isohexyl aloohd. When used, such aloohoto are prsfsrady present to ttie inventive com- 
position in an amount to the range of from about 1 to atxMt ZS aaStotm per 1 000 gaDons of gePed aqueous 
cantor lk|ukl. 

Ae wil be understood by ttiose skilled to tfie art and ae expletoed to US. Patent No. 9, 1 28»390, tiie inventive 
composition can also induds oUier surfactants whtoh operate ae dl-water demdsiftors^ foaming egente, and 
tiie like. 

The inventive wel treating composition can be conveniently formed at ttie wel site. In forming ttie inventive 
composition, ttte geled a queo un carrier lk|uM to preferably firrt preparsd by combtotog the gelltog agent with 
water. The resulting geled aqueoue carrier to then preferably conducted to a continuous stream mixing tub or 
ottier commonly used continuous mbdng apparatus. In ttie mixing tajb, ths rematoing componente of the in- 
ventive compositton are continuously added to and mbced witti the gelled aqueoue carrier fiqukL As ttie com- 
ponente are mixed, ttie resulting mature to continuously drawn from ttie mbdng tub and tojeded into ttie well 
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such that the inventive composition Is placed or injected into a desired subterranean zone. 

As the inventive composition flows down the wel tubing toward the subterranean zone, the Inventive com- 
position is thoroughly blended such that (a) the particulate material is suspended in the geled aqueous canrier 
liquid; (b) the components of the epoxy resin system are thoroughly blended; (c) the finely-divided hanlening 

5 agent ie thoroughly blended with the epoxy resin system; and (d) the partlouiato material is thoroughly coated 
with the epoxy resin systenVTmely-divided hardening agent Mend 

Inoneembodimem of the mventivs msthod. ttie inventive wel treeting oompoeition is injedsd into a well 
undsr sufficient pressure lo form fractures in a subterrsneen formation. The reeln-coated particulate material 
depoelte and consolidates these fracturss to provide fluid-permeable flow pathe within the formation. 

10 In another embodiment of the inventive metiiod, the biventfve wel treating oompoaUon is used in en ott)er« 
wise conventional gravel packing operation. In tiie inventive gravel packing operation, ttie inventive wsfl treet- 
ing composition is delivered, for example, to an open subterranean zone (e.g., an undenreamed wel bore) sur- 
rounding a screening devce (e.g.. a perforated liner wrapped wtti a whaecrean) whereby ttie resin-coated 
particulate material deposits and consolidates around the screening device to form a hard, fluid-penrneabla 

1$ mass. 

If dashed, the epoxy resn systsm and rmely-dlvided hardening agent components of the inventive com- 
position can be prembced to form an inventive one*pacfcage epoxy system. Tliue. a large batch of the inventive 
one-package epoxy aystem can be prepared and stored et a desired locatton. PortkMia of the one-peckage 
eyetem can then be delivered, when needed, to one ormore wel eitee. 
20 in order to prevent the inventive one-pacliage systemfrom hardening, the system is maintained undertenv- 
perature conditiona such that the finely-divided hardening egent does not substantially dissolve In ttie epoxy 
rsski system. Consequently, the finely-divided hardening agent uaed In ttte present invention wll preferably 
be a hardening agent which will not substantially dissolve in the epoxy rasln system at temperatures of up to 
at least about 25* C. 

29 In one embodiment of ttie present invention, the inventive one-package epoxy system to preparsd a sub- 
stantial period (e.g., at least one day) in advance of the time that the inventive well treating oompoeition con- 
taining the one-package system to to be injected into e weU. When the hardening agent used In the inventive 
one-package system to 4,4'-DDS, tiie ona-package system can genenlly be stored at temperaturea not ex- 
ceeding about 75*' Ffora period of more ttian 25 days. Substantial dissokition of the 4,4'-DD8haRJening agent 

30 typioaly wil not occur unti the tamperaturoof the epoxy reebi syaism to raieed to about 90* F. 

Throughout ttie inventive wel treatment method, the finely-divided hardening egent to preferably main- 
tained under temperature conditkMis such tiiat the hardening agent doee not substantially dissolve in the epoxy 
resin system until after the inventive well treating composition to injected kito the wel. When the inventive oom- 
posltton to exposed to the elevated temperatures existing k% ttia subterranean zone, ttie f inely-divktod hard- 
38 ening agent dissolvee in the epoxy resin system and than operatea to harden the epoxy reain whereby the reefen- 
coated particulate material forma a hard, consolklated, permeabto maes. 

The folowing examples are presented to order to further illustrate ttie prssent kivention. 

EXAMPLE I 



The viscosity development characteristics of an epoxy rasln system at 100* F and 120* F were evaluated 
over sevarei days. The epoxy reski system consisted of 68 grams of MY0500 (a digiyckiyi ether of para- 
a m inophenol available from CIBA GEIGY Corporation) mbced with 7.92 grama of 1,4-butanedk)l diglycklyl 
ettier. The leaulto of theae tests are provkied in Tabto 1. The reeutte indicate that th^ 
48 undergo self-polymerization at elevated temperaturea wittiout the addition of a hardening agent Sucrt seM^ 
polymerization to likely to occur aa a lesult of the prssenoe of tertiary nitrogene to ttie backb^ 
resin molecule. 

In view of these results, it to apparentthat the epox^ eeki used to the Inventive compositton wil preferably 
be a lastai which wil not substantiaiy sal polymerize mbtont conditions prior to ttie time at which tiie in- 
50 ventiva composition to properly pieced to ttie desbedsu .'tenanean zona. 
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EXAMPLE II 

30 

55.44 g of 4.4*«ODS powder in 4 ml of butyl lactate were mixed with 98.6 g of an epoxy resin system identical 
to the epoxy resin system tested in Example I. The fescilting dispersion was divided in four portions. Portions 
1 , 2, 3. and 4 were maintained, respecth^y, at room temperature (l.e., atKMt 75* F), at 90* F, at 100* F. and 
at 120* F. The viscosity of each composition was monitored over a numt>er of days. 
35 As indicated In Table 2, the dispersion maintained at room temperature did not substantially harden during 
the entire 26 day testing period. The compositions maintained at 90* F and 100* F, on the other hand, under- 
went significant hardening after four days and two days, respectively. 

Thus, the one-package epoxy system tested in this Example would appear to have a rslatively long pot 
life when stored at temperatures not substantially exceeding 75* F. 

40 
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Nurmroua one-package epoxy systems were prepared by mixing powdered 4,4 -DOS with various epoxy 
2S resin systems. The compositions of these one-package systems are set forth in Table a. In some cases, the 
powdered 4,4 -DOS composition used In the blending process was a powdered 4,4 -DDS/methand olunry. 

Each of the one-package epoxy systems was used to ooal a sand niaterial sus^ 
insfesnce, the resin mixture in questibn was added to an amount of the sand/carrier suopensbn and the restitlng| 
compoeitton was blended for 3 nnlntitee using an ovor head stiner. The sand/carrier used in each case contained 
30 8poundsaraandper100gaildrisorcarrisrlk)ukl. 

Folowing the coating procedure, each of the resin-coated particulata materials was cured. Table 4 provklee 
the curing condltkHis used In each case as wel as the type of sand used, the anxMnt of one-package system 
used per sack of sand, and the carrier lk|ukl used in each case. 

Following the curing proceee, the compreesh^ strengths, glaoa tiansitkHi temperatures, and malt temper- 
as atures of the resulting consoiMated materials were determined. These properties are provided in Table 4. 

Aa indicated In Table 4, the one-package epoxy/DDS disporslons provided by the present invention were 
effective fSor coating suspended sand and for provMIng consolidated materials having comprasslve strengthe 
substantialy exceeding ttie co m pre ss ive strength of unooated sand. 

The glass transftton temperatuie (Tg) of a cured epoxy rssin generally indicates the upper useful temper- 
40 ature limit of the cured resin. As Indicated in Table 4, almost all of the hardened compositkNis prepsrsd in this 
Example had glass transitton temperatures exceeding 200" F. Several of the hardened composltkms exhibited 
glass transltbn tsmperaturee approaching or exceeding F. 
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1 .5 mL of N-b0ta-(afflinoethyl)-gamma-amirK>pfopyltrime grams of HT976, and 11 .55 mL of 

mathanoi was prepared by mixing using an overhead stirrer. A first portion of this composition was used to 
coat 20/40 mesh Ottawa fiac sand at a oonosntration of 0.5 gallons of the one-package epoxy system per 100 
lb. sack of sand. A second portion of the one-package system was used to coat 20/40 mesh Ottawa f rac sand 

5 at a ooncentratton of 0.375 galons of the one-package system per 100 lb. sack of sand. The procedure used 
in each case fbr coating the sand with the one-package system involved the stepe of; suspending the sand in 
a geled aqueous carrier lk|ukl at a concentratkm of 8 pounds of sand per 1 00 galons of geDed liqukl; adding 
the one-package epoxy system to the sand/carrisr liqukl suspension; and blending the resulting compositton 
for 3 minutes using an overhead mbcer. The geled carrier lk)uki had a pH of 9.5 and was composed of 40 lb. 

10 of hydroxypropyl guar per 1000 galons of acpjsous Ikjuid. The aqueous lk|ukl used was an aqueous2% KCt 
solutkm. 

Each of ths reein-coated sand compositkms was cured for 24 hours at 275*" F and 1 000 pel dosurs pressure 
in an API Ifaiesr oonductivfty cell 

Folowing the curing procedure, water flow was initiated through sach of the conductivity ceBs and the coiv 
15 ductivitiee of the materiaie therein were determined. Row conductMtlee for each of the materials were then 
detenrnined at doeure pressurss of 40C0 psi and 6000 psL The conductivity values ot»tained in these (sets are 
recorded in Table 5. 

For oomparieon purposes, the fluid oonductivty of uncoated 20/40 Ottawa sand was also determined at 
dosure pressures of 1000 psi, 4000 psi, and 6000 psi. The results of these tests ars also shown in TaUs 5. 
20 As indk:ated in Table 5, the fluki conductivities of the oonsdklated materials prspared uaing the inventive 
one-package spo)^ system substantialy exceeded the ftuM conductivities of the uncoated sand. 

At the end of the fk>w conductivity test, each of the consdidated compositfons remained consdklated. 
Scanning electron mk»>scope analysis Indicated that the hardened epoxy surtace coatings formed in each 
case were not In any way substantially disrupted by the high pressure ffow testa. 

25 

TABLE S 



FRACTURE CONDUCTIVITY DATA 


Stress (psO 


Conductivtty(ind-ft) 


.375gal^adi. 


.SgaitaaGk 


NoRssin 


1000 




5385 


5814 


4231 


4000 




4225 


3040 


2422 


6000 




3029 


2418 


950 



^ EXAMPI-EV 

A disperston consisting of 41 .56 grams of HT 976 powder, 66 grams of I^O500» 7.92 grama of RD-2. and 
3 milllliterB of butyl lactate was prepared by mixing with an overhead stiner. 1.5 mililiters of N-beCa-(aminoe- 
thyi)-gamnfia-anr*iopropyitrimethoxy sliane coupling agent and 11.55 mlUilitsrs of ntethand were added to the 
dispersfcxi and mbced therewith using saki overhead stkrer. 
^ A portton of the resulting mixtim was used to coat 20/40 mosh OttsM f rac sand in an amount of 0.5 galons 
of mixturs per 100 lb. sack of sand. Aseoond portkm of the mixture was used to coat 20/40 meeh Ottawa free 
sand in an amount of a75 galone of mbdurs per 100 lb. sack of sand. During the sand coating process, the 
sand was suspended In an aqueous gel having a pH of 9.5 and consisting of 40 pounds of hydroxypropyl guar 
per 1 000 galons of aqueoue 2% KQ solution. In each case, the sand/geled canier suspensfon consisted of 
8 pounds of sand per 1 00 galons of the geled aqueous carrier liquid. The sand coating procedure used wee 
assentialy kientical to the coating procedurs described in Example IIL 

Each of the resin-coated sand compositkNis was cured in an APIIInear conductivity oel fbr 20 hours at a 
temperature of 27S* F. After hardening* each of theconedUated materide had a compre s sive strength of 1300 
pd at 275'' F. At a dosure pressure of 600 pd, the 0.5 gallon per sack materid exhibited a flow condudh^ 
of 2500 md-f t whereae die 0.75 galion per eack materid exhibited a flow conducthdty of 3000 md-ft Skice. as 
indicated above, the fracture conductivity of uncoated 20M0 mesh Ottawa f rac sand under theee oondHkme 
is ody 950 md-ft the hsrdsned inventive oomposkkms SKhbHed f radure condudivWee substantialy exceed- 

la 
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ing the fracture conductivity of uncoated sand 
EXAMPLE VI 

5 Twelve epoxy novdac based one-package epoxy systenrw (Le., resin system composftions 29-40) having 
the compositions set ?ofth in Tal)te 6 were prepared Resbi system compositions 29-33 iwere prepared by mbdng 
together 19 g of SU 2.5. 3.3 g of HELOXY 5044, 1 mL of ED-1, and 7^ g of HT 978 ftor 150 mhulas using a 
mechanical stirrer. To this mixture was added 0.5 mL of All 20 followed by 15 minutes cf addrtionai stinlng. 
Next 3 mL of methanol were added followed by 5 additional minutes of stirrlna. The resulting mbcture was then 

10 used, in the amounts set forth in Table 6, to coat 20/40 mesh Ottawa sand in an aquaoua gel carrier. 

Resin system compositions 34-36 were prepared by mixing together 1 9 g of SU 2.5, 3.3 g of HELOXV 5044, 
1 mL of ED-1, and 0.5 mL of A1120 for 15 minutes. Next 7.56 g of HT 976 dispersed in 7 mL of methanol wera 
added followed by one minute of addttional stirring. The resulting mixture was then used in the amounts set 
forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

15 Resin system compositions 37-40 were prepared by mbdng together. In the amounts set forth in Table 6, 
SU 2.5. HELOXY 5044. and A1120 for 15 minutes using a mechanical stirrer. Aseoond composition containing 
HT 976. ED-1, and methanol in the amounts set forth in Table 6 was prepared by mbdng these components 
together for 1 0 minutes using a mechanical stirrer. The second compositton was added to the first composition 
and the resulting mixture was stirred for one minute. The final stirred mixture was then uaed in the amounts 

20 set forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueoua carrier gel. 

Thegeded aqueous carrier liquid used in each caae contained 40 lb. of hydroxy propyl guar per 1000 gaUona 
of aqueous liquid (i.e., 2% aqueous KCI solution) and had a pH of 5. In each case, the sand/carrier liquid sus- 
pension used consisted of 500 g of sand per 555 mL of gelled aqueous carrier liquid. 

In each case, the sand was coated with the resin composition by mUing the resin composition with the 

25 sand/carrier suspension using an overhead stirrer. Following the coating procedure, each of the reain coated 
sand matedals was packed In a separate glass tube and cured in an oven. The curing conditions used, as well 
as the compressWe strengths and glass transition temperatures exhibited by the cured materials, ars recorded 
in Table 6. 

As indicated by the compressive strength and glass transition temperature characteristics exhibited by 
30 compositions 29-40, these epoxy novolac based resin systems provided consolidated materials which were 
well-suKed for use at temperatures exceeding 300<* F. 
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Claims 

1. A method of treating a subterranean zone in a weU« which method comprises the steps ofc 

(a) injecting a treating composition into the wel to place the composttion in the said, subterranean zone; 
whereto the treating composition comprises a geled cairier, a particulate material, an epoxy resin sys- 
tem including at least one epoxy resin, and a finely-dh/ided hardening ager« which, when dissolved, is 
operable for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being 
dispersed in said epoxy resin system; and 

(b) maintaining the f inely^ivided hardening agent under conditions such that, prior to Injecting the oonv 
position into the well in accordance with step (a), the f inely-dhrided hardening agent is not substantiaRy 
dissolved. 

2. AmethodaccordlnglDclalm 1, further comprising the step, prlorlostBp(a), oTpren^ng the finely-divided 
hanlening agent with the epoxy resin system. 

3. A method according to daim 2, wherein the finely-divided hardening agent ie prembced with the epoxy 
resin system at least one day prior to step (a). 

4. A method according to daim 2 or 3. wherein said finely-divided hardening agent is prembced with said 
epoxy resin system by mbdng with said epoxy resin system a slurry comprising the finely-divided hard- 
ening agent and a carrier liquid. 

5. A method according to daim 4, wherein the carrier liquid is methanol, ethand, Isopropyl alcohd, ethyl acet- 
ate, butyl lactate, tduene, xylene, ieoamyi alcohd, isohexyl alcohol, or any mbdure of two or nnore thereof. 

e. A method according to any of daims 1 to 5^ wherein the epoxy resin system further indudes at least one 
solvent 

7. A method according to any of dabns 1 to 6, wherein the treeting composition is prepared by^ 

(i) adding the particulate material to a substantially continuous stream comprising water and a gelling 
agent; and 

(B) adding the epoxy reein system and the f indy-dWided hardening agent to eaM oontlnuoue stream. 

8. A method according to any of dalms 1 Id 7, wherein the f inely^ivlded hardening agent is 4,4'-diamino- 
diphenylsulfone. 

9. A method according to any of daime 1 tD 8, wherein said subterranean zone is a subterranean formation 
and said treating composition is injected into the weH under suff Idem pressure to fracture the subterra- 
nean formation. 

10. Amethod according to any of daims 1 to 9, wherein the treating composition is injected into the wdl such 
that the particulate material is coated with the epoxy resin system and the f inely-dhnded hardening agent, 
and the coated particulate material is deposited in said subterranean zone around a screening device. 
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